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The Energy Exascale Earth System (E3SM) Model Project

Started as Project ACME in 2014
Version 0 forked from CESM1
Version 1 released in 2018
* New and updated components
« Standard (1°) and High (0.25°, Eddy-Resolving) resolutions
+ Climate metric and diagnostics mostly within range of 1 SD of
CMIP 5
Version 2 tagged in 2021
« Computational throughput nearly doubled
+ Climate metrics substantially improved
» Regional refinement capability in all components
Version 3 tagged in 2024
* New and substantially rewritten components
« Historical global temperature bias virtually eliminated
Simple Cloud-Resolving EAMv1 (SCREAMv1) tagged in 2023
+ Exascale ready
+ Base code for EAMv4
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(i Coupled-syst

Energy Exascale
Earth System Model

Component-level tuning
* Ocean, sea-ice (G-cases)
* AMIP simulations (F-cases)

* Land (l-cases)

Coupled model tuning

Objectives

1. Near-zero long-term average net top-of-
atmosphere energy flux.

2. Minimum long-term drift in global mean surface
air temperature.

3. Reasonable absolute global mean surface air
temperature.

4. Climate metrics.
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Fig. 1. Schematic of vertical-layer structure of coupled atmosphere/ocean model. Various physical processes and their interactions

wedP™ SYNCHRONOUS COUPLING METHOD

Washington and
Meehl (1989)
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Energy Exascale
Earth System Model
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(E3SM Resolution and Advanced Computing

DOE Parallel Climate Model (PCM)

POP model horizontal grid

b

Fig. 1a, b Two views of the Parallel Ocean Program (POP) model
horizontal grid at 2/3-degree resolution

New Programming
Models

« PCM - MP-MPI,
« SCREAM -C++-
Kokkos)

Exploit leading edge

computing

 PCM- Petascale
systems Distributed
Memory

« SCREAM - Exascale
CPU-GPU systems
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SCREAM EAMxx E3SMv4 Cloud
resolving atmosphere model component
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Global surface temperature anomaly (ref 1850-1899)

1.25 4 = HadCRUT5-Analysis
" - E3SMvl
1.00{ = E3SMv2

0.75 A

0.50 ~

degC

0.25 A

0.00

—0.25 A

—0.50 A

1860 1880 1900 1920 1940 1960 1980 2000
Year

(C)os

U | 1 U
1%0 1m 'w ‘m 1m U.S. DEPARTMENT OF

P | s | 1 ENERGY 5



G

Earl thSythdI

Slngle forcmg ensemble

g e —— : C — e
BT ——— S—
e S

 Treating single-forcing simulations

as linear perturbations from the

Global surface air temperature anomaly

=== HadCRUT5-Analysis

piControl, we can recompose them 2] — essmz nistorical

== E3SMv2-GHG

with alternate strengths: C Eaemumoter

« Modulate strength of GHG response

14 —— E3SMv2-sum
—— E3SMv1-GHG

(proxy for TCR/ECS) and aerosol ¥ o iy

related to create alternate
composite configurations.

* Applicable to any field; linear ]
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ESM

Earth System Model

Weaker aerosol-related

Golaz et al. (2022)

impact

E3SMv2

Fixed GHG (0.39 x aer)

Fixed aerosol (1.60 x GHG)
Best (0.75 x GHG, 0.17 x aer)
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'E3SMva3: fixing the pothole

Historical temperature (“Third time’s a charm”)

Global surface temperature anomaly (ref 1850-1899)
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